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X バンドレーダの 100 分の 1 スケールモデルを想定し，5 つの民間航空機模型を多偏波で観測す
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fc ∆f (xk, 0)
3











σm M c Rk
Rk(xm, ym) =
√
(xk − xm)2 + y2m + z20 (2.3)
r (k, t) α (k, n)

















exp {−j2pi (n∆f) dk,m} (2.4)
VNA FM
α (k, n)



































































I (xI , yI) =
K/2∑
k=−K/2











{Rk(xm, ym)−Rk(xI , yI)}
]
(2.7)
Rk(xI , yI) (xI , yI)
A (xI , yI) SAR























A ε τ 3




A2 ε = tan−1(b/a)
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Sxy = Syx 3
Sxy = Syx
x, y = H,V H (Horizontal
















































H ( ) x− y











































Antenna  = 90°
Observation of H dipole ( = 0°)





(SHH − SVV + 2jSHV) (2.18)
SLR = SRL =
j
2




(SVV − SHH + 2jSHV) (2.20)
2.2.3













































































fs, fd, fv, fc
α, β 〈SHHSVV〉
2 β = 1 〈SHHSVV〉













R:HH  G:HV  B:VV R:Pd  G:Pv  B:Ps
R:Pd  G:Pv  B:Ps
2.7: RBG ( )



























































HH polarization image Result of PWF
2.8: PiSAR


































 P (x, y) (P (x, y) ≥ Ith),0 (Otherwise), (2.29)
P (x, y) SAR Ith




x = [Iˆ(x1, y1), · · · , Iˆ(x1, yNy−1), Iˆ(x2, y1), · · · , Iˆ(x2, yNy−1), (2.30)






Ω SAR Nx, Ny SAR x, y
xtrk ,(k = 1, 2, · · · , Ntr) Ntr







y p t ak [0 1]
SOM
pˆk(t)
pˆk(t) = arg min
p∈M
∣∣∣∣∣∣y(p; t)− xtrk ∣∣∣∣∣∣ (2.34)
M || ∗ ||























































Winner Node Determination 
Number of Inputs <  Ntr?
Updating SOM




























y = y0, z = z0 x
ψ















P (x, y) = Ps + Pd (3.1)




P (x, y) = σˆHH〈|SHH|2〉+ 2σˆHV〈|SHV|2〉+ σˆVV〈|SVV|2〉 (3.2)
σˆij(i, j = H,V)
σˆij =
σij

















100 1 ψ = 65◦











B747 B787 B777 DC10 A320 AVE
HH 35.1 [dB] 27.7 [dB] 30.6 [dB] 33.9 [dB] 28.8 [dB] 31.2 [dB]
VV 36.0 [dB] 27.4 [dB] 28.9 [dB] 32.2 [dB] 26.0 [dB] 30.1 [dB]






Back Projection [13] SAR Sij(i, j = H,V)
4.4 VV SAR SAR
SAR PSNR PSNR












































































































































































































































































between HH and VV
SAR image of HH (B787 )
4.7: B787 SAR
4.3
PSNR PD PFA 4.8







4.7 B787 HH HH VV
HH VV










:   :  
:   :   +   +2  
: Ps+Pd :PWF
:Proposed
































   
PSNR [dB] PSNR [dB]
PSNR [dB] PSNR [dB]
Each feature value
   
 = 10  = 10

 = 10  = 10

4.8: PSNR (φ = 0◦)
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:   :  
:   :   +   +2  
: Ps+Pd :PWF
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PSNR [dB] PSNR [dB]
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(3.2) P (x, y) 3
φ
φˆ = arg max
−pi≤φ≤pi
∑
x,y P (x, y)Pref(x, y, φ)√∑
x,y P (x, y)2
√∑
x,y Pref(x, y, φ)2
, (5.1)
Pref(x, y, φ) Pref(x, y, 0) φ
P (x, y) Pref(x, y, φ)
5.1
Pref(x, y, 0) φ
P (x, y)
Pref(x, y, φ) φˆ
φˆ
φ = 0◦ (2.34) SOM
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xH − yV 2 (2.15)








SθHH = SHH cos




(SHH − SVV) + SHVcos(2θ) (5.4)
SθVV = SHH cos




SθLL = SLL exp (j2θ) (5.6)
SθLR = SLR exp (j2θ) (5.7)


























3-D geometry  −  plane
 −  plane  −  plane
Target ( = 0° ) After Target Rotation




maxx,y∈Ω(xLL + 2xLR + xRR)
(5.9)
CP (Circular Polarization) xij(i, j =
L,R) ij
xij = [Iij(x1, y1), · · · , Iij(x1, yNy−1), · · · , Iij(xNx−1, yNy−1)] (5.10)





1). Sij(i, j = H,V)
(3.2) P (x, y)
2). (5.1)
































−30◦ ≤ φ ≤ 30◦
2◦ 6.2 φ = 0◦
SAR RGB RGB
0 255
R(Red) HH G(Green) HV B(Blue) VV

















6.3 φ = 30◦ RGB
φ = 0◦
HV






































































































































































6.3: RGB (φ = 30◦)
42
6.2:
True value −30◦ −20◦ −10◦ 0◦ 10◦ 20◦ 30◦
B747 −31◦ −21◦ −10◦ 2◦ 10◦ 20◦ 33◦
B787 −29◦ −18◦ −10◦ −1◦ 9◦ 18◦ −12◦
B777 −26◦ −23◦ −10◦ 1◦ 10◦ 24◦ 35◦
DC10 −31◦ −21◦ −11◦ 2◦ 12◦ 21◦ 38◦





















B747 B787 B777 DC10 A320
φ 0◦ 30◦ 0◦ 30◦ 0◦ 30◦ 0◦ 30◦ 0◦ 30◦
LP basis HH 40 [%] 32 [%] 27 [%] 33 [%] 12 [%] 20 [%] 16 [%] 28 [%] 34 [%] 29 [%]
HV 17 [%] 24 [%] 24 [%] 21 [%] 27 [%] 34 [%] 33 [%] 19 [%] 26 [%] 34 [%]
VV 43 [%] 43 [%] 49 [%] 46 [%] 61 [%] 46 [%] 51 [%] 53 [%] 40 [%] 37 [%]
CP basis LL 33 [%] 35 [%] 28 [%] 27 [%] 31 [%] 32 [%] 33 [%] 28 [%] 26 [%] 31 [%]
LR 35 [%] 34 [%] 38 [%] 43 [%] 38 [%] 38 [%] 39 [%] 42 [%] 39 [%] 38 [%]
RR 32 [%] 31 [%] 33 [%] 30 [%] 31 [%] 30 [%] 28 [%] 30 [%] 35 [%] 31 [%]
6.2.2
6.4
φ = 0◦ RGB R(Red) LL
G(Green) LR B(Blue) RR
6.5 φ = 30◦ RGB
6.4 B747
































































































































































































6.5: RGB (φ = 30◦)
48



























































































































































































































B747 B787 B777 DC10 A320 AVE
Single polarization HH 100 [%] 39 [%] 74 [%] 93 [%] 100 [%] 81 [%]
VV 90 [%] 58 [%] 97 [%] 90 [%] 48 [%] 77 [%]
HV 58 [%] 58 [%] 100 [%] 100 [%] 87 [%] 80 [%]
Full polarization LP basis 81 [%] 49 [%] 90 [%] 100 [%] 100 [%] 84 [%]




31× 31 Tsom = 30 φ = 0◦
SAR SOM 6.4
HH,VV,HV







B747 B787 B777 DC10 A320 Ave
HH 25.5 [dB] 17.9 [dB] 21.5 [dB] 24.5 [dB] 19.7 [dB] 21.8 [dB]
VV 26.1 [dB] 19.6 [dB] 20.4 [dB] 21.8 [dB] 17.5 [dB] 21.1 [dB]
HV 13.1 [dB] 13.6 [dB] 13.4 [dB] 17.5 [dB] 14.6 [dB] 14.4 [dB]
6.6: ( PSNR=18dB)
B747 B787 B777 DC10 A320 AVE
Single polarization HH 99 [%] 41 [%] 50 [%] 88 [%] 56 [%] 67 [%]
VV 91 [%] 57 [%] 90 [%] 87 [%] 47 [%] 74 [%]
HV 46 [%] 47 [%] 5 [%] 96 [%] 41 [%] 47 [%]
Full polarization LP basis 75 [%] 46 [%] 77 [%] 100 [%] 99 [%] 79 [%]
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